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We presenta generalmethodfor taking into accountcor-
relationsdue to momentumconservation in the analysisof
anisotropicflow. Momentumconservationmostlyaffectsthe
first harmonicin azimuthaldistributions, i.e., directedflow.
It alsomodifieshigherharmonics,for instanceelliptic flow,
whenthey aremeasuredwith respectto afirst harmonicevent
plane.

In detail, themomentumconservationleadsto two effects,
whosemagnitudeis controlled by a parameterf which is
roughly the squareroot of the fraction of all particlesused
in theestimateof theeventplane.First,momentumconserva-
tion contributesto the correlationbetweena particleandthe
flow vector, proportionallyto theparameterf . In addition,it
affectstheresolutionof theeventplane,althoughtheeffect is
smaller, as it is quadraticin f . This secondeffect may also
biashigherharmonicsmeasuredwith respectto thefirst har-
moniceventplane.Note,however, thatmomentumconserva-
tion hasno effect whenelliptic flow is measuredwith respect
to thesecondharmoniceventplane.Thecorrelationfrom mo-
mentumconservation vanishesif the detectoracceptanceis
symmetricwith respectto midrapidity.

Thedimensionlessquantity f is givenby

f ��� wpT � Q
�

M� w2 � Q N � p2
T �	� (1)

andthesubscriptQ refersto thoseM particlesusedfor theQ-
vector(for whichweightwi 
� 0). If w is takenas � 1 for parti-
clesdetectedin theforwardhemisphereand 
 1 for theback-
wardhemisphere,then � wpT � Q ��� MF

� pT � F 
 MB
� pT � B ��� M,

whereF andB refer to particlesusedfor the Q-vectorfrom
the forward andbackward hemispheres,respectively, so that
M � MF � MB. In thiscasethequantity � w2 � Q

� 1.
Thecorrectionto � cos� φ 
 Φ � � is:


 pT�
N � p2

T �
f�

1 
 f 2 � π
2

e � χ2 � 2I0 � χ2 � 2� � (2)

whereχ is theresolutionparameter. It is worthnotingthatthe
Eq. (2) resultdependson χ, expressingthe effect of flow in
reducingthecorrelationdueto momentumconservation.

The resolutionparameterof thesubevent,χsub, canbeex-
tractedfrom the correlationbetweensubeventplanesby one
of severalmethods.Thecorrectionfor momentumconserva-
tion is an additive constantof order f 2. Finally, the relation
betweenχ, andχsub, is:

χ � χsub

� � 2 
 f 2 ��� � 1 
 f 2 ��� (3)
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FIG. 1: NA49 resultson directedflow asa function of rapidity for
chargedpionsfrom minimum bias158A GeV Pb + Pb. Shown are
v1 before(squares)andafter(circles)correctionfor momentumcon-
servation.Solid linesarepolynomialfits. Theopenpointshavebeen
reflectedaboutmidrapidity.

As anillustration,themethodwasapplied[1] to theNA49
datain Pb+Pbcollisionsat 158GeV pernucleon[2]. Thein-
creasein resolutiondueto momentumconservationis modest
for this case,being lessthan10%. However, Fig. 1 shows
that the correctionfor the effect of momentumconservation
onv1 is indeedsignificant,roughlyanabsolutevalueof 1%in
thewhole rapidity rangeunderstudy. Thecorrectedcorrela-
tion givesadirectedflow vanishingatmidrapiditywithin error
bars,asit should.In fact,if onedid notknow N and � p2

T � , one
couldforcethedatato gothroughzeroatmidrapidityasaway
to evaluatethis correction.�
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